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Abstract: 
The hydrogen sorption performance of V55Ti21Cr17Fe7 and V55Ti21Mn17Fe7 alloys and 
their ribbons were evaluated by pressure-composition-temperature tests. Their hydrogen 
absorption kinetic properties were studied through hydrogen absorption curves. The 
crystallographic structures and microstructure of these alloys and ribbons before 
hydrogen absorption and after hydrogen desorption PCT tests were identified by X-ray 
diffraction (XRD) and Scanning electron microscopy (SEM) analysis, respectively. 
Hydrogen storage characteristics of such materials were investigated by volumetric 
method using Sievert’s type apparatus and gravimetric method with suspension balance.  
 
 
 
 
 
1. Introduction  
 Energy systems based on hydrogen are interesting candidates to replace fossil 
fuels for the future energy global needs and assist in mitigating the associated 
environmental problems [1]. The absorption of  hydrogen in solid materials and 
particularly in metal hydrides seems to be a safe and promising technique, due to the high 
volumetric energy density and the required relatively low pressures [2]. Hydrogen storage 
alloys can be classified as AB5–type (e.g. LaNi5), AB2-type (e.g. Ti-Zr alloys), A2B-type 
(e.g. Sb2Ti, Sn2Co) and AB-type (e.g. Ti-Fe alloys) [3-5], but their storage capacity is 
relatively low (less than 2 wt%) [6]. Mg-based alloys have higher capacities (of the order 
of 6.5%), but the absorption/desorption processes take place at a high temperature range 
(300-4000C) [7]. It is therefore imperative that efforts be made to develop new hydrides 
with larger hydrogen storage capacities at room temperature [8]. 
 Recently, Vanadium-based solid solution alloys with B.C.C crystal structure have 
been identified as potential materials for hydrogen storage, because they present 
remarkable storage capacities of 3.8% wt [9-12]. V-Ti-Cr alloys are the most known 
B.C.C solid solution alloys which are used for hydrogen storage applications. However, 
such materials have some disadvantages such as high cost, difficult activation process, 
slow kinetics and large hysteresis between absorption and desorption [13-15].  
  Researchers over the past few years tried to develop techniques to increase the 
usable hydrogen in the alloys and to raise the desorption plateau pressure improving the 
desorption capacity by adding Fe and Ni  or Fe and Mn respectively  inside V-Ti-Cr 
alloys [16], or by partial substitution of V by Fe in Ti10Cr18Mn27V alloys [17]. Further, it 
was demonstrated that the hydrogen storage properties of  V(30 at%)-Ti(15-55 at%)-
Cr(7-43 at%)-Fe(2-18 at%) depend on the Ti/(Cr+Fe) ratio [18] and the Laves phase 
depends on the x content on  Vx-(Ti-Cr-Fe)100-x alloys [19]. Further, it was reported that 
rapid solidification is also an effective method to improve the kinetics of such hydrogen 
storage alloys. It was found that solidification process refined a dendritic microstructure 
and the absorption capacity was increased [20, 21]. 
 In the present work, the hydrogen desorption performance of V55Ti21Cr17Fe7 and 
V55Ti21Mn17Fe7 alloys and their ribbons was investigated. It should be noted that to the 
best knowledge of the authors, there are no references concerning the hydrogen 
desorption performance of such materials,  so this study offers new data to the field of 
hydrogen storage in B.C.C solid solutions. XRD and SEM analysis was also performed in 
order to identify the microstructural characteristics of these materials.  
 
 
2. Experimental procedure  
The samples with nominal composition V55Ti21X17Fe7  (where X= Cr, Mn) were prepared 
from pure metals giving rise to ribbons in different wheel speeds. X-ray analysis with Cu-
Kα radiation was used to identify the structure of the samples while SEM with energy 
dispersive spectroscopy (EDS) was used for analyzing the microstructure characteristics 
and the average chemical composition of the alloys. An activation procedure was 
performed before hydrogenation measurements. Pressure–composition (P–C) isotherms 
were measured by the Sievert’s method with the use of a magnetic suspension balance at 
298K under 4 MPa.  
3. Results and Discussion 
X-ray results 
XRD patterns of V55Ti21X17Fe7 (where X=Mn, Cr) are shown in Fig. 1 and Fig.2. 
Rietveld analysis showed that the compound with nominal composition V55Ti21Mn17Fe7 
has a single BCC cubic phase structure while in the Cr substituted alloy a secondary 
cubic phase appeared. In both samples a preferred orientation arises on 002 hkl due to the 
stronger tendency of the crystallites to be oriented in more than one way in the powder. 
The lattice parameters of the major phase remained the same after substituting Cr with 
Mn which was expected according to [22]. The results of refinement are shown in Table 
1. A sample with nominal composition V55Ti21Cr17Fe7  was examined using SEM. EDS 
analysis showed that the alloy follows the nominal composition with the cubic matrix 
phase while a  second phase appears which is a V rich-phase shown in the area 1.13 in 
Fig. 3 (b). These results are in good agreement with the XRD results and previous studies 
published by other groups for V rich alloys [19].  
Hydrogen desorption properties 
Hydrogen desorption measurements were performed for the ribbons V55Ti21Cr17Fe7 and 
V55Ti21Mn17Fe7 using a volumetric method with a Sievert’s type apparatus. The results in 
Fig. 4 show that these materials can desorb almost 3 wt% of hydrogen at room 
temperature under 3.5 MPa. Comparing the measurements between the Cr substituted 
alloys, the sample made at 20 m/s absorbed more hydrogen than the one made at 25 m/s. 
On the contrary, for the samples made at the same speed of 25 m/s the Mn-substituted 
alloy desorbed more hydrogen at the same temperature. In order to confirm this 
measurement a gravimetric method was also employed using a magnetic suspension 
balance. Fig. 5 shows the gravimetric test of V55Ti21Mn17Fe7 where the desorbed 
hydrogen is almost the same as measured with the volumetric method. 
Conclusions 
The hydrogen storage properties of V55Ti21Mn17Fe7 and V55Ti21Cr17Fe7 alloys in ribbon 
form were investigated for the first time. Both samples exhibit B.C.C cubic phase with a 
secondary phase for the Cr substituted phase. Hydrogenation procedures followed by two 
different measurement methods showed that the compound with stoichiometry 
V55Ti21Mn17Fe7 made at 25 m/s has the highest desorption capacity. 
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Table 1. Rietveld Analysis and crystallographic characteristics of the phases 
V55Ti21Cr17Fe7 
Pm3m  a=b=c=3.021  2.52  93.57  
12.71  17.36  13.39  
0.5646 on 
hkl 002  
Fm3m  a=b=c=4.9121  5.68  6.43   
V55Ti21Mn17Fe7
Pm3m  a=b=c=3.012  5.62  100  
14.17 18.01 12.45 
0.6076 on 
hkl 002  
 
Table 2: SEM results of alloys (Atomic %) 
V55Ti21Cr17Fe7            V55Ti21Mn17Fe7 
Element Photo (a) Photo (b) Photo (c) 
Ti 20.72 20.40 21.12 
V 52.55 73.22 54.50 
Cr , Mn 17.63 5.12 17.2 
Fe 9.10 1.26 7.18 
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Figure  1.  XRD pattern for V55Ti21Mn17Fe7 alloy. 
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Figure  2. XRD pattern for V55Ti21Cr17Fe7 alloy.
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Figure  4. Hydrogen desorption isotherm measurements of V55Ti21Mn17Fe7  (black line ) and 
V55Ti21Cr17Fe7 (blue and red lines) ribbons using volumetric system  
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Figure  5 : Activation procedure and desoprtion measurements of Mn-substituted alloys using 
gravimetric system 
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